Long non-coding RNA PCAT7 has been revealed to participate in tumorigenesis of various cancers. However, the mechanism of PCAT7 in non-small cell lung cancer (NSCLC) has not been identified. Hence, this study aimed to determine the function of PCAT7 in NSCLC.
Background
Lung cancer remains the most common cause of cancer-related deaths in the United States [1] . Generally, lung cancer can be classified into 2 categories: small cell lung cancer (SCLC) and non-small cell lung cancer (NSCLC). NSCLC is the most common type of lung cancer, accounting for 80% of all cases [2] . Although treatments for NSCLC have increased gradually, such as surgery, chemotherapy, and radiotherapy, improvements in patient prognosis remain limited. One of the most crucial reasons for this situation is the lack of a detailed understanding of the pathogenetic mechanism. Therefore, it is necessary to further explore the pathogenetic mechanism of NSCLC for developing effective diagnosis and treatment.
lncRNAs (long non-coding RNAs) can be transcribed as transcripts over 200 nucleotides long, with no evidence of protein coding potential by the human genome [3] . There has been ample evidence suggesting that dysregulated lncRNAs are closely related to carcinogenesis [4] . Recently, many NSCLC-related lncRNAs have been identified, such as HOTAIR, PANDAR, and TUG1 [5] [6] [7] , which can participate in tumorigenesis and cancer progression of NSCLC by affecting cellular homeostasis. These findings have indicated the potential of lncRNAs as novel biomarkers for prognosis or therapeutic targets. PCAT7 (prostate cancer-associated transcript 7) is a 1937-bp lncRNA that maps at chromosome 9q22.32 [8] . An increasing number of studies have reported that PCAT7 may be related to tumorigenesis. Recently, Liu et al. have reported that PCAT7 contributes to tumor progression in nasopharyngeal carcinoma by functioning as a ceRNA to sponge miR-134-5p [8] . Horie et al. indicated that PCAT7 is overexpressed in NSCLC [9] . However, it still needs to be determined whether PCAT7 is involved in tumor progression in NSCLC.
This study demonstrates that PCAT7 is overexpressed in NSCLC tissues and cell lines. PCAT7 negatively influenced the miR-134-5p and then promoted cell proliferation, inhibited cell apoptosis, accelerated cell migration/invasion, and induced EMT. PCAT7/miR-134-5p has potential to be a novel approach for the treatment of NSCLC.
Material and Methods

Patients and clinical samples collection
We obtained 96 NSCLC tissues and corresponding tumor tissues from the Department of Thoracic Surgery in the First Affiliated Hospital of Sun Yat-sen University between April 2012 and October 2016. These tissues were stored in liquid nitrogen before examination. All patients signed the inform consent.
Cell cultures
We purchased 6 NSCLC cell lines (A549, H292, H460, H1703, H358, and H1975) and a normal human lung bronchial epithelial cell line (16-HBE) from the American Type Culture Collection (ATCC, USA) and cultured them in RPMI-1640 Medium (Gibco BRL, Gaithersburg, MD) with 10% fetal bovine serum, ampicillin, and streptomycin in a humidified atmosphere of 95% air and 5% CO 2 , with the temperature at 37°C.
RNA extraction and quantitative real-time PCR
Total RNA extracted from tissues and cells was isolated with Trizol reagent (Invitrogen, Grand Island, CA) in accordance with the manufacturer's instructions. The isolated RNA was first reversely transcribed to cDNA using the PrimeScript RT reagent kit (Takara, Japan) in compliance with the manufacturer's protocol. qRT-PCR was performed with SYBR Prime Script RT-PCR Kits (Takara, Japan) based on the manufacturer's protocol. The primers were: PCAT7, Forward 5'-AAACAAGCCAACCGCACAAT-3', Reverse 5'-CCTGCTTGCTGTGTTACTGC-3'; miR-134-5p, forward, 5'-ACACTGCATCCTGGCAATTC-3'; reverse, 5'-CGTGGTGAATCGAGACTCAC-3'; U6, forward, 5'-CTCGCTTCGGCAGCACA-3' and reverse, 5'-AACGCTTCACGAATTTGCGT-3'. All assays were performed in triplicate. The relative expression levels were first calculated using the 2-DDCt method, and then normalized to expression of GAPDH mRNA.
Cell transfection
Plasmid complementary DNA PCAT7 and miR-134-5p were constructed by amplification and introduction of PCAT7 and miR-134-5P cDNA sequence into the pGLV5 vector (ABM, Canada). The siRNA sequences targeting PCAT7 and si-NC were purchased from Genepharma Co., Ltd (Shanghai). According to the manufacturer's protocol, the Lipofectamine 2000 kit (Invitrogen) was used to perform cell transfection.
Western bolt analysis
After being separated by 10% sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE), cell protein lysates were first transferred to polyvinylidene fluoride membranes (Roche) and then incubated with specific rabbit anti-human antibodies, including E-cadherin (1: 5000 dilution), N-cadherin (1: 5000 dilution), Vimentin (1: 5000 dilution), caspase-3 (1: 5000 dilution), caspase-9 (1: 5000 dilution), and GAPDH (1: 3000 dilution). Afterwards, they were stored overnight at 4°C, followed by treatment with secondary antibodies, where ECL chromogenic substrate was used for quantification by densitometry (Quantity One software; Bio-Rad, Hercules, CA).
CCK-8 assay
The CCK-8 kit (Dojindo Laboratories, Kumamoto, Japan) was used to assess the viability of the cells, which were then seeded in a 96-well plate at a density of 1×10 4 cells per well. After being cultured for 24 h, the corresponding PCAT7 and siRNA were transfected and cultured in normal media. After adding the CCK-8 solution at 0, 24, 48, and 72 h after transfection, the relative number of cells was assessed by measuring at OD 460 nm. All assays were performed in triplicate.
Colony formation assay
After being placed in 6-well (300 cells/well) plates, the cells were incubated in RPMI 1640 with 10% FBS at 37°C for 2 weeks, then fixed and stained with 0.1% crystal violet (E. Merck, AG, Darmstadt, BRD), and then were photographed. Next, the number of visible colonies was counted manually.
Cell apoptosis assays
According to the manufacturer's instructions, the cells were washed with PBS and the apoptosis was performed using flow cytometric analyses with Annexin V: 7-AAD Apoptosis Detection Kits (BD Biosciences, USA). After incubation, the samples were analyzed using flow cytometry (FACSCalibur, BD Biosciences, San Jose, CA). All samples were assayed in triplicate.
Cell migration and invasion assays
Transwell chambers (8-μm pore membrane filters; Costar, Corning, NY, USA) and Matrigel invasion (Becton Dickinson) were used to measure NSCLC cell migration and invasion. These cells, which had been cultivated in serum-free medium, were transferred into the upper chamber without or with 10 ug/ml Matrigel 48 h after transfection. Medium with 10% FBS was added into the lower chamber. The remaining cells on the upper surface of the filter were wiped off with a cotton swab, while those that had migrated were fixed in methanol, stained with 0.1% crystal violet, and counted 6091 using a microscope in 3 random fields per filter after incubation for 24 h.
Wound healing assay
After been transfected for 48 h, these cells were seeded into a 24-well plate, where they would be scraped into a single stripe with a sterile plastic 10-μl micropipette tip only if the monolayer cell reached approximately 90% confluence. After removing the detached cells, the plate was continuously cultured in RPMI 1640 without FBS. A series of pictures were taken using an inverted microscope in the same field at 0 h, 12 h, and 24 h. The wound width (μm) was measured using Image proplus 6.0 software. Wound closure rate=wound width (at 0 h, 12 h, or 24 h)/wound width (0 h)×100%.
Statistical analysis
All statistical analyses were conducted using the SPSS 22.0 software (SPSS Inc., Chicago, IL). Two-group comparisons were made using the t test and a one-way ANOVA, and the chi-square test was used to analyze multiple group comparisons. Spearman correlation analysis was used to detect the correlation between PACT7 expression levels in NSCLC tissues. Multivariate analysis of prognostic parameters in NSCLC patients was conducted using the Cox proportional hazards model, where P<0.05 was considered statistically significant.
Results
PCAT7 is up-regulated in human NSCLC tissues and cell lines
The expression level of PCAT7 was detected using qRT-PCR in 96 NSCLC lung tissues and pair-matched normal lung tissues. Compared with matched normal tissues, PCAT7 expression level in tumor tissues was extremely high ( Figure 1A, 1B 
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in Figure 1C , PCAT7 expression in NSCLC cell lines was significantly increased compared with that in 16HBE cells.
PCAT7 expression correlates with tumor progression and poor prognosis in NSCLC patients
Data from Table 1 show that PCAT7 expression level is remarkably correlated with TNM stage (p=0.035), histological grade (p=0.009), and lymph node metastasis (p=0.030). There was no connection between PCAT7 expression and sex, age, tumor size, or smoking history (p>0.05). Multivariate analysis of prognostics showed that PCAT7 expression (P=0.002) was negatively correlated with the prognosis of NSCLC patients. TNM stage, histological grade, and lymph node metastasis ( Table 2 , where P=0.029, 0.012, and 0.041, respectively) had the same negative correlation with the prognosis of NSCLC patients. These results suggest that PCAT7 is an adverse biomarker of prognosis in NSCLC.
PCAT7 facilitates the proliferation of NSCLC cells
To further understand the oncogenic activity of PCAT7 in NSCLC cells, the PCAT7 expression level in A549 cell was up-regulated or down-regulated through transfection with pGLV5/PCAT7 or PCAT7-specific siRNA, respectively, with the empty vector or control siRNA as a negative control. Satisfactory efficiency was detected after transfecting A549 for 48 h ( Figure 2A ). As shown in CCK8 assay results, compared with cells transfected with pGLV5 vector, the proliferation ability of PCAT7-transfected cells was increased (p<0.01; Figure 2B ). However, compared with pGLV5-transfected cells, poor proliferation ability was detected in PACT7-down-regulated cells (p<0.01; Figure 2B ). Furthermore, results from colony formation assays showed that the proliferation of PCAT7-transfected cells was higher than that of pGLV5-transfected cells (p<0.05; Figure 2C ). On the contrary, the proliferation in PACT7-down-regulated cells was suppressed compared with NC-transfected cells (p<0.05; Figure 2C ). Subsequently, the effect of PCAT7 on apoptosis was assessed using flow cytometry. As shown in Figure 2D , the apoptosis in PCAT7-over-regulated cells was significantly decreased compared with negative controls (p<0.01). In contrast, PCAT7-down-regulation increased apoptosis compared with the NC group. To further understand the effect of PCAT7 on the apoptosis of NSCLC cells, the levels of apoptosis-related proteins (caspase3 and caspase9 proteins) were detected using Western blot analysis. As shown in Figure 2E , forcing the expression of PCAT7 resulted in decreased levels of caspase3 and caspase9, while the down-regulation of PCAT7 significantly increased the expression level of these 2 proteins. Therefore, the apoptosis might decelerate after down-regulated PCAT7 travels through the caspase-3-dependent pathway. These results show that PCAT7 might accelerate proliferation while reducing apoptosis through active caspase-3 in NSCLC cells. 
PCAT7 promotes metastasis and enhances the epithelialto-mesenchymal transition of NSCLC cells
Metastasis is an important characteristic of tumor malignancy. Wound healing assay, as well as migration and invasion assays, were performed to investigate the relationship between PCAT7 and cell motility of NSCLC cell lines. Compared with negative controls, the wound healing ability was observed to accelerate in PCAT7-overexpressed cells, but weaken in PCAT7-underexpressed cells ( Figure 3A) . Moreover, enhanced migration/invasion capacity was observed in PCAT7-overregulated NSCLC cells but not the control group ( Figure 3B) . On the contrary, down-regulation of the expression of PCAT7 reduced the migration/invasion ability ( Figure 3B ). Furthermore, Western blot assays revealed that a high level of PCAT7 reduced the expression of E-cadherin protein but increased the expression of N-cadherin protein and Vimentin protein, and the down-expression of PCAT7 reversed the EMT process to MET ( Figure 3C ). These data demonstrate that PCAT7 has a strong connection with NSCLC cell metastasis.
miR-134-5p is a target of PCAT7 and regulates the function of PCAT7 in NSCLC cells
Since it has been made clear that miR-134-5P is a target of PCAT7 [8] , the expression level of miR-134-5p can be measured 
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in response to the level of PCAT7. Decreased expression of miR-134-5p was detected in PACT7-over-regulated NSCLC cells, while down-regulated PACT7 increased the expression of miR-134-5p ( Figure 4A ). Subsequently, rescue assays were performed to reveal the moderating effect of miR-134-5p on PCAT7 in NSCLC cells. The rescued proliferation ability of NSCLC cells after cotransfection with si-PCAT7 and miR-134-5P was detected by CCK8 assays and colony formation assays ( Figure 4B, 4C ). In addition, the rescued pro-apoptosis function of si-PCAT7 in NSCLC cells was found by flow cytometry analyses with introduction of miR-134-5p ( Figure 4D) . Additionally, as shown in Figure 5A , 5B, miR-134-5P partially rescued the anti-metastasis function of si-PCAT7. Furthermore, the MET induced by si-PCAT7 was reversed to EMT after introduction of miR-134-5P
( Figure 5C ). These data indicate that miR-134-5P regulates the function of PCAT7 in NSCLC cells.
Discussion
Lung cancer is a major cause of death worldwide, accounting for 19.4% of all cancer-related deaths [10] . NSCLC accounts for 80% of lung cancers [10] and the majority of cancer-related deaths worldwide. Recently, numerous studies have confirmed that lncRNAs, as a member of the non-coding RNAs family, shows great potential in regulation of biological processes in lung cancer [11] . However, the relationship between lncRNAs and NSCLC tumorigenesis is still basically unknown. This research is the first to analyze the expression level of P7CAT in NSCLC tissues and paired normal lung tissues, indicating that the expression level of PCAT7 was dramatically increased in NSCLC tissues and cell lines compared with normal lung tissues and 16-HBE, respectively. Aberrant expression of PCAT7 was closely associated with TNM stage (p=0.035), histological grade (P=0.009), and lymph node metastasis (p=0.03), and high PCAT7 expression was an adverse prognostic factor (P=0.002). It was also found that PCAT7, as a carcinogen in NSCLC, can promote cell proliferation, inhibit cell apoptosis, accelerate cell migration/invasion, and induce EMT. Our study shows that PCAT7 exert its function on NSCLC mainly by targeting miR-134-5P. PCAT7 may act as an oncogene and a key regulator in the prognosis and treatment of NSCLC.
Increasing numbers of studies have confirmed that lncRNAs, which were initially thought to be "transcriptional noise" [12] , regulate gene expression through numerous mechanisms in lung cancer. Specifically, metastasis, which is associated with lung adenocarcinoma transcript 1 (MALAT1), as an oncogene, may achieve its effect not only by modulating activity of the downstream mediator P53 [13] , but also by interacting with polycomb 2 (PC2) [14] . Hox transcript antisense intergenic RNA (HOTAIR) has been reported to be able to link with LSD1/ CoREST/REST complexes and PRC2 to drive them to occupy their gene target regions, which results in target gene silencing [15, 16] . It also has been reported that HOTAIR can regulate downstream genes via epigenetic modification [17] . Moreover, Horie et al. confirmed that PCAT7 plays a key role in hypomethylation in NSCLC cell lines [18] . Among all these mechanisms, the main function of lncRNA is to regulate the degradation of 6096 miRNA targets by acting as a ceRNA sponge [19, 20] EMT has a pivotal role in the initiation of metastasis, a process in which epithelial cells lose adhesion and cytoskeletal components, concomitant with a gain of mesenchymal components and the initiation of a migratory phenotype [22, 23] . Recent publications have showed that BRAF and BC087858 unequivocally augment lung cancer cell motility and invasiveness in vitro [24, 25] . In addition, LINC01133, a long non-coding RNA, can inhibit metastasis and epithelial-to-mesenchymal transition in colorectal cancer by interacting with its target gene SRSF6 [26] . This study detected the changes of some most representative EMT markers in cells that are transfected with pGLV5-PCAT7 (pGLV5 as control) and si-PCAT7 (siRNA as control), which indicate that PCAT7 can promote cell migration and invasion in NSCLC cells, partly by regulating the EMT pathway.
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Although we have revealed that miR-134-5p is a potential target gene of PCAT7 in NSCLC cells, our research still has limitations. We need to define the exact regulatory mechanism between miR-134-5p and PCAT7 in NSCLC. In addition, we need investigate the relationship of PACT7 and chemo-resistance in NSCLC cells, and our ultimate goal is finding a new therapeutic target in NSCLC.
In summary, our results reveal the potential of PCAT7 as a new prognostic indicator in NSCLC. PCAT7, which has been over-regulated in NSCLC tissues and cell lines, can accelerate proliferation, prohibit apoptosis, and promote cell migration/ invasion by regulating the EMT pathway. We also found that miR-134-5p is a potential target gene of PCAT7 in NSCLC cells. These results suggest that PCAT7 has potential to be applied in the prognosis and treatment of NSCLC.
Conclusions
Results of this study reveal the potential of PCAT7 as a new prognostic indicator in NSCLC, which can induce poor prognosis and promote tumorigenesis by inhibiting miR-134-5p in NSCLC.
